Here we determine the sequence specificity of DNA binding by CBF and analyze the phosphate contacts made by CBF on the DNA backbone. To determine the sequence preferences at each position of the binding site for CBF, we performed selected and amplified binding sequence (SAAB) footprinting (2) . The DNA template for SAAB footprinting contained three guanines conserved in all core sites found in mammalian type C retroviral enhancers ( Fig. 1) (5) . These guanines were identified by methylation interference analyses as critical contacts for CBF and SEFi binding (17, 19) . The conserved guanines were flanked by randomly specified positions (N), which were in turn flanked by conserved sequences for the purpose of annealing oligonucleotide primers (primers A and B) for polymerase chain reaction (PCR); these conserved flanking sequences also contained restriction sites for BamHI and EcoRI endonucleases. A control template that contained the corresponding sequence from the Mo-MuLV enhancer between the conserved PCR primer binding sites was synthesized. The sequences of the random oligonucleotide and primers are shown in Fig. 1 . All oligonucleotides were synthesized by Operon Technology, Inc. The random and control DNA templates were purified by high-pressure liquid chromatography. A total of 100 pmol of primer A was end-labeled with [y-32P]ATP (7, 000 Ci/mmol; ICN) and T4 polynucleotide kinase (New England Biolabs). Double-stranded template was generated by PCR with 100 pmol of 32P-end-labeled primer A, 100 pmol of primer B, and 10 pmol of the random or control template according to the instructions provided by the manufacturer (Perkin-Elmer Cetus). Reactions were incubated at 94°C (1 min), 37°C (1 min), and 72°C (1 min) for 30 cycles and at 72°C (7 min). Double-stranded probes were purified by electrophoresis through a 12% native polyacrylamide gel and eluted from the gel by electrophoresis onto an NA45 membrane (Schleicher and Schuell) (1) . The specific activity of the probe was approximately 106 cpm/pmol.
Electrophoretic mobility shift assays were performed as previously described, with 5 RI of affinity purified CBF and random or control probe in the binding reaction mixtures (10,000 cpm per reaction mixture) (19) . The position of the protein-DNA complex in the random probe, which cannot be seen, was estimated from the position of the protein-DNA complex in the control probe (data not shown). DNA from the protein-DNA complex in the random probe was eluted from dried gels in elution buffer (0. Affinity-purified preparations of CBF contain multiple polypeptides that bind the core site (19) . To determine whether different sequences would be selected by individual polypeptides, we repeated SAAB footprinting with several CBF polypeptides that were first fractionated by SDSpolyacrylamide gel electrophoresis, eluted from individual gel slices, and subjected to a denaturation-renaturation regimen (6, 19) . The data from three independent peptides were consistent with those obtained with the mixture of affinitypurified proteins, although the percentage of thymines versus cytosines selected at positions 6 and 8 was variable (data not shown). We conclude that at least several of the polypeptides in the CBF preparation have similar binding pref- (13) . Binding reaction mixtures (75-,u total volume) contained 100,000 cpm of end-labeled ethylated probe and 10 Rl of affinity-purified CBF. The binding and electrophoresis conditions were identical to those described previously for methylation interference (19) . Purified DNA from the protein-DNA complex and free DNA bands from the native polyacrylamide gel were cleaved by alkali (13) . The cleavage products were analyzed by electrophoresis through a 15% polyacrylamide-7 M urea sequencing gel (Fig. 2A) .
The methylation and ethylation interference data are summarized in Fig. 2B . CBF contacts six phosphates on the plus strand and four phosphates on the minus strand of the binding site. These phosphates map primarily to one face of the DNA helix (we designate this the front face). The phosphate contacts at positions 8 to 10 on the plus strand wind around towards the back face of the DNA helix. Positions 6 to 12, at which sequence preferences were detected by SAAB footprinting, are within the area of phosphate contacts.
The major groove between the two areas of phosphate contacts on the front face of the helix contains the three guanines contacted by CBF and SEF1 (positions 7, 9, and 10) (18, 19) . Base contacts in the minor groove were also detected by methylation interference at positions 11 to 13 (19) . We propose that CBF contacts bases primarily in the major groove between the two areas of phosphate contacts on the front face of the helix. The contacts to adenines in the minor groove could be generated by an arm of the polypeptide reaching into the minor groove, as seen for the engrailed and MATaL2 homeodomain proteins (9, 21) . Alternatively, methylation at the N-3 atom of adenines 11 to 13 in the minor groove could induce a conformational change in the DNA which prevents CBF binding, or it could interfere with a necessary conformational change induced in the DNA as a result of CBF binding, such as narrowing of the minor Core sites with the sequence TGTGGTT are also found in functionally important regions of the enhancers from several cellular genes transcribed in T cells, including the T-cell receptor ,B-, y-, and b-chain genes, the immunoglobulin ,u-chain gene, and the CD3 e-chain gene (11, 16, 18, 19) . A mutation in the core site in the T-cell receptor b-chain enhancer significantly attenuates transcription of this gene in T cells (11 
